SPOT5 image acquired on October 16, 2008 can be inquired through the website (<http://eds.ceode.ac.cn>) and China's GF2 images acquired on October 19 and 29, 2017 can be inquired through the website for China Resource Satellite Application Center (<http://36.112.130.153:7777/DSSPlatform/productSearch.html>). The data of land price samples is within the manuscript and its Supporting Information files.

Introduction {#sec001}
============

Ecosystems in a mining area are complex and shaped by interactions between the natural environment and the social environment dominated by the local development and utilization of mineral resources \[[@pone.0238243.ref001], [@pone.0238243.ref002]\]. Long-term, large-scale and high-intensity mineral resource development activities have destroyed the geological conditions of native deposits, giving rise to surface subsidence, soil pollution and plant destruction as well as changes in hydrothermal structures and damage to the ecological environment, rendering ecosystems extremely vulnerable \[[@pone.0238243.ref003]--[@pone.0238243.ref006]\]. The average rate of land collapse per 10,000 tons of coal mining in China has been estimated at 0.20--0.33 hm^2^ \[[@pone.0238243.ref007]\]. China's cumulative subsidence area created due to coal resource exploitation has been estimated to cover more than 1.5 million hm^2^ by 2020 and will continue to increase at a rate of 30,000 to 47,000 hm^2^ every year \[[@pone.0238243.ref006]\]. Therefore, the comprehensive treatment of mining subsidence areas has become a major focus of research on the sustainable development of mining areas.

The mining subsidence area in the North China Plain is a unique mining area with high groundwater levels. As local groundwater levels are relatively shallow, the subsidence area can flood easily, forming a large waterlogged area. As the subsided area expands due to coal mining, the permanent ponding area may become a pond or even a lake and namely a coal mining subsidence lake, which may form a wetland ecosystem over the long term \[[@pone.0238243.ref008]\]. As the balance of the water system is compromised, the water body may be polluted by mine water, leaching water from waste heaps, etc., destroying the landscape and reducing land productivity. Such areas thus have very few land-use effects on agricultural or urban development and are considered economic "scars" \[[@pone.0238243.ref009]--[@pone.0238243.ref012]\]. As an important stage of mine production and construction, land reclamation serves as an important means to minimize environmental damage caused by mining and to restore local ecological balance \[[@pone.0238243.ref013]\]. In recent years, several mining subsided lakes in China have been transformed into artificial wetland parks according to local conditions using land reclamation techniques as a means of ecological restoration \[[@pone.0238243.ref014]\]. The rectification of mining subsidence lake areas is a challenging stage of mining area ecological restoration and resource utilization. The successful rectification of a mining subsidence lake is subject to ecosystem restoration conditions and economic benefits of mining areas after reclamation. Therefore, it is of great practical and theoretical significance to evaluate and research reclamation area ecosystems for the implementation of land reclamation and ecological restoration projects in mining areas.

The land reclamation benefits of mining areas are mostly measured based on economic benefits, such as increases in cultivated land and increases and decreases in built-up land, while less attention is paid to ecological environmental effects after reclamation \[[@pone.0238243.ref012], [@pone.0238243.ref015]\]. On one hand, the ecological restoration of a reclaimed mining area involves a long-term restoration process, and due to the influence of reclamation measures, coal mining and other factors, ecological restoration is often not supported with long-term quantitative monitoring. On the other hand, as public resources, ecological environments have obvious spatial spillover effects \[[@pone.0238243.ref016]\]. However, current research on the ecological environments of reclaimed mining areas mainly focuses on ecological problems experienced within such areas based on evaluations of ecosystem services, water pollution and nutrition status monitoring, landscape ecological restoration, etc. \[[@pone.0238243.ref017]--[@pone.0238243.ref019]\] while few studies examine impacts of the ecological restoration of a mining area on the surrounding environment such as spillover effects of the improvement of an ecological environment on surrounding land prices.

In recent years, the ecological environments of reclaimed mining areas have mainly been evaluated using the single index method and comprehensive index method. Sun et al. \[[@pone.0238243.ref012]\] showed that converting a mining subsided lake into a restored wetland through land reclamation and ecological restoration can provide economic and ecological benefits via the recovery of ecological services and functions. Throughout the mining cycle, Demirbugan \[[@pone.0238243.ref017]\] analysed the net benefits of ecosystem services and found profile changes during mining and rehabilitation processes in the Soma coal region of western Turkey. Wang et al. \[[@pone.0238243.ref018]\] proposed an eco-environmental benefit evaluation method based on land-use changes and evaluated changes in eco-environmental benefits during the reclamation of abandoned land in the Fushun Xilutian Mine. Their results show that three main eco-environmental functions (soil formation and protection, biodiversity protection and air regulation) improved most through reclamation, accounting for roughly half of eco-environment benefits achieved. Land prices are typically evaluated using cost approaches, hypothetical development methods, market comparison methods, etc. \[[@pone.0238243.ref020], [@pone.0238243.ref021]\]. However, due to the distinct regional characteristics, short formation periods, immature land price markets and other features of artificial wetlands of mining subsided lakes, the above methods will generate large deviations and are thus not suitable for use. Based on variable correlations and variability, the Kriging spatial interpolation method performs an unbiased and optimized estimation of the values of regionalized variables for a finite region, which offers certain advantages for data with low densities and uneven distributions \[[@pone.0238243.ref022]\]. Considering that land prices are expressed as land price sample points in space, a change in regional land prices can be reflected by the spatial interpolation of land price samples.

This paper focused on the Pan\'an Lake wetland in Jiawang District, Xuzhou. Ecosystem service value and the ecological storage index were used to analyse ecosystem changes in the mining subsidence lake before and after land reclamation, and spatial spillover effects were evaluated via GIS raster calculations and geostatistics. The results provide technical support for assessing land reclamation and ecological restoration effects in mining areas and identify scientific methods for determining reclamation models for mining areas.

Materials and methods {#sec002}
=====================

Study area {#sec003}
----------

The Pan\'an Lake wetland is an artificial wetland produced from the restoration of a mining subsided lake in the southwest of Jiawang District, Xuzhou (117°19'57"-117°26'15"E, 34°19'17"-34°23'33"N). Due to resource exhaustion, coal mining subsidence, ecological degradation and so on, levels of economic development in the Jiawang Mining Area, where the Pan\'an Lake wetland is located, are far lower than those of the main urban area of Xuzhou. Since 2010, Jiawang District has implemented land reclamation and ecological restoration projects in the mining subsidence area. As China's first wetland park designed for the ecological restoration of a coal mining subsidence area, the Pan\'an Lake wetland was constructed based on a four-in-one model integrating "basic farmland rectification, coal mining subsidence reclamation, ecological environment restoration and wetland landscape development". A national 4A-level ecological wetland park with a water area of 9.21 km^2^ and an overall area of 52.89 km^2^ has been constructed. The location of the study area is shown in [Fig 1](#pone.0238243.g001){ref-type="fig"}.

![Location of the study area in Jiawang District, Xuzhou City, Jiangsu Province, China.\
The two index maps on the left were created using ArcGIS software and the map on the right was drawn using ArcGIS software with OpenStreetMap from USGS National Map viewer without copyright restrictions. The study area was highlighted in red.](pone.0238243.g001){#pone.0238243.g001}

Data sources and processing {#sec004}
---------------------------

The data used in this work were mainly drawn from the multi-temporal remote sensing images and land price survey data for 2008--2017. [Table 1](#pone.0238243.t001){ref-type="table"} shows the images including SPOT5 and China's GF2 images used in this work. SPOT5 image acquired on October 16, 2008 can be inquired through the website (<http://eds.ceode.ac.cn>) and China's GF2 images acquired on October 19 and 29, 2017 can be inquired through the website for China Resource Satellite Application Center (<http://36.112.130.153:7777/DSSPlatform/productSearch.html>). First, three remote sensing images were accurately registered using ERDAS software. Two GF2 images were processed by images mosaic. Random Forest (RF) classification was combined with visual interpretation to obtain land-use data for before and after the reclamation of the study area. Based on characteristics of the study area, landscapes in the study area were divided into 7 types: cultivated land, woodland, grassland, transportation land, natural water bodies (including rivers and ponds), subsided water bodies, and built-up land (including urban/rural and industrial/mining built-up land). All Kappa coefficients exceed 0.95, meeting the data accuracy requirements of this study. Land price samples data was from Jiawang land price dynamic monitoring sample survey, which were the result of our long-term monitoring and evaluation of land prices. The base date of evaluation of the land price samples were 31 December 2008 and 31 December 2017, respectively. Price samples were collected in the study area for 47 residential lands in 2008 and 65 residential lands in 2017, for which spatial interpolation was performed using GIS and geostatistical methods.

10.1371/journal.pone.0238243.t001

###### Description of imagery data used for land-use classes in the study area.

![](pone.0238243.t001){#pone.0238243.t001g}

  Imagery data   Imagery type   Resolution   Path and row
  -------------- -------------- ------------ --------------
  10/16/2008     SPOT 5         2.5 m        286/281
  10/19/2017     GF2            0.8 m        1012/154
  10/29/2017     GF2            0.8 m        1013/154

Methodology {#sec005}
-----------

Land reclamation causes changes in landscape patterns and ecological processes by changing the ecological environments in mining areas through the implementation of various reclamation measures, ultimately affecting the provision of ecosystem services and the surrounding environment \[[@pone.0238243.ref018], [@pone.0238243.ref023]\]. To relate abstract ecological concepts to specific economic benefits to better evaluate and measure ecological restoration conditions in the study area, we conducted analyses focused on three variables: ecosystem service value, ecological storage capacity and spillover effects.

### Ecosystem service value evaluation model {#sec006}

The ecosystem service value evaluation model proposed by Costanza et al. \[[@pone.0238243.ref024]\] was adopted in this study. $$ESV = {\sum{A_{i} \times VC_{i}}}$$ where *ESV* is ecosystem service value (RMB), *A*~*i*~ is the area of Type *i* land use (hm^2^) and *VC*~*i*~ is the ecosystem service value coefficient of Type *i* land use (RMB/hm^2^·a). As a unique form of surface water in the mining subsidence area, the subsided water body has caused the mining area to evolve from a single farmland terrestrial ecosystem into a wetland / aquatic ecosystem with climatic regulation, water conservation and raw material supply functions. Meanwhile, the mining area is susceptible to various forms of pollution, including \"industrial waste\", pesticides, fertilizers, domestic sewage and other pollutants and performs limited soil formation and protection, entertainment and cultural functions. Ecosystem service value coefficients of natural and collapsed water per unit of area are shown in [Table 2](#pone.0238243.t002){ref-type="table"} \[[@pone.0238243.ref003]\]. The service value system per unit of area for China\'s ecosystems formulated by Xie et al. \[[@pone.0238243.ref025]\] and the value systems of mining cities, towns and industrial ecosystems estimated by Zhang et al. \[[@pone.0238243.ref026]\] are used, and the value coefficient of ecological services for the study area is obtained ([Table 3](#pone.0238243.t003){ref-type="table"}).

10.1371/journal.pone.0238243.t002

###### Comparison of ecosystem service values per unit of area for the natural and subsided water bodies.

![](pone.0238243.t002){#pone.0238243.t002g}

  Ecosystem Service                 Natural Water Body   Subsided Water Body       
  --------------------------------- -------------------- --------------------- --- ---------
  Climate regulation                √                    407                   √   407
  Water conservation                √                    18033.2               √   4508.3
  Soil formation and conservation   √                    8.8                   ×   0
  Waste treatment                   √                    16086.6               √   4021.65
  Biodiversity maintenance          √                    2203.3                √   1101.65
  Food production                   √                    88.5                  √   88.5
  Raw material                      √                    8.8                   √   8.8
  Recreation and culture            √                    3840.2                ×   0
  Total                                                  40676.4                   10135.9

10.1371/journal.pone.0238243.t003

###### Value coefficients of service functions of different terrestrial ecosystems in the Pan\'an Lake wetland.

![](pone.0238243.t003){#pone.0238243.t003g}

  Ecosystem Type       Cultivated land                               Wood-land                                    Grass-land                                    Natural water body                             Subsided water body                            Industry/transportation                        Urban
  -------------------- --------------------------------------------- -------------------------------------------- --------------------------------------------- ---------------------------------------------- ---------------------------------------------- ---------------------------------------------- ----------------------------------------------
  Value Coefficients   6114.3[\*](#t003fn001){ref-type="table-fn"}   19334[\*](#t003fn001){ref-type="table-fn"}   6406.5[\*](#t003fn001){ref-type="table-fn"}   40676.4[\*](#t003fn001){ref-type="table-fn"}   10135.9[\*](#t003fn001){ref-type="table-fn"}   -5372.1[\*](#t003fn001){ref-type="table-fn"}   -1760.5[\*](#t003fn001){ref-type="table-fn"}

\*Unit: yuan·hm^-2^·a^-1^

### Ecological storage model {#sec007}

The ecological storage state (ESS) describes the correlation between land-use changes and their ecological responses. It is a comprehensive expression of ecological changes shaped by land-use quantity, quality, type and distribution determined by possible past and future natural or human activities. The ecological storage state reflects levels of comprehensive ecological storage in a region and is determined by one or more dominant land-use types in a region. The formula is as follows \[[@pone.0238243.ref027]\]: $$ESS = \frac{1}{h} \cdot \frac{\sum_{i = 1}^{n}{ESV_{i}}}{\sum_{i = 1}^{n}A_{i}}$$ where *ESS* is the ecological storage state in the mining area, *h* is the estimated number of years corresponding to the ecological storage state in the mining area (usually, *h* = 1 for the ecological storage state of a certain year), *ESV*~*i*~ is the ecological service value corresponding to ecosystem Type *i*, and *A*~*i*~ is the area of ecosystem Type *i*.

### Spillover effect measurement model {#sec008}

Land prices are affected by various factors. First, we analysed the influencing factors of land prices in the study area. Affected by housing price conditions in China, housing and land prices in Jiawang District are increasing rapidly. In addition, besides the ecological restoration project, no other major projects and factors currently affect land prices in the study area. Therefore, impacts of ecological restoration on land prices can be considered as long as the average increase in the value of land prices in the region is removed \[[@pone.0238243.ref028]\]. Spillover effects were calculated as follows ([Fig 2](#pone.0238243.g002){ref-type="fig"}).

1.  Calculate the average increase in the value of land prices in the subsided area during the study period and analyse general changes in regional land prices.

2.  Calculate the increase in the value of land prices around the study area during the study period and analyse the change in surrounding land prices.

3.  Increases in land prices above the average increase in land prices are taken as the impact intensity and range of spillover effects of the reclaimed mining subsided area on surrounding land prices.

![Spillover effect model framework of land prices for the Pan\'an Lake wetland.](pone.0238243.g002){#pone.0238243.g002}

Based on the above principles, we propose the following equation for calculating spillover effects of the subsided lake wetland on surrounding land prices: $$SEV = {\sum{\left( {Lp_{ij}^{\alpha} - Lp_{ij}^{\beta} - Lp_{ij}^{\beta} \cdot r_{i}} \right) \times S_{ij}}}$$ where *SEV* is the value of spillover effects of the subsided lake wetland on surrounding land values based on the increase in the value of land prices. $Lp_{ij}^{\alpha}$ and $Lp_{ij}^{\beta}$ are the land prices of Plot *j* of Type *i* land after and before land reclamation, respectively; *r*~*i*~ is the average rise in Type *i* land prices in the area of the subsided lake wetland; and *S*~*ij*~ is the area of Plot *j* of Type *i* land in the subsided area.

Results and analysis {#sec009}
====================

Changes in land use and ecosystem service value {#sec010}
-----------------------------------------------

According to interpretation results of remote sensing images for 2008 and 2017, landscape types and their changes before and after reclamation in the study area are shown in [Fig 3](#pone.0238243.g003){ref-type="fig"} and [Table 4](#pone.0238243.t004){ref-type="table"}. As can be seen from [Table 4](#pone.0238243.t004){ref-type="table"}, there are 7 types of land use in the study area, among which cultivated land is the prominent. In 2008, cultivated land accounted for more than half of the total area. With the rehabilitation of the ecological environment of the Pan\'an Lake wetland park, the proportion of cultivated land decreased to 39.27% from the original value of 54.98%. Next, proportions of woodland and grassland increased from 0.63% and 2.43% to 8.47% and 9.39%, respectively. Subsided water bodies were transformed into lake wetlands through land reclamation, and the area expanded by 16.55% to 152.15 hm^2^. With the exhaustion of coal resources and reclamation of subsidence areas in Jiawang District, the industrial and mining built-up land area decreased by 12.14% due to the closure of coal mines, the relocation of villages and the gradual withdrawal of abandoned mining land.

![Landscape patterns before and after land reclamation in the Pan\'an Lake subsidence area.\
(a) Landscape types in 2008; (b) Landscape types in 2017. The figures are based on the results of remote sensing image interpretations conducted using ENVI software.](pone.0238243.g003){#pone.0238243.g003}

10.1371/journal.pone.0238243.t004

###### Landscape structure changes in the Pan\'an Lake subsidence area before and after reclamation.

![](pone.0238243.t004){#pone.0238243.t004g}

  Landscape type        Before land reclamation   After land reclamation             
  --------------------- ------------------------- ------------------------ --------- -------
  Cultivated land       2918.97                   54.98                    2084.89   39.27
  Woodland              33.62                     0.63                     449.84    8.47
  Grassland             128.75                    2.42                     498.67    9.39
  Transportation land   209.69                    3.95                     223.85    4.22
  Natural water body    336.59                    6.34                     1071.63   20.18
  Built-up land         1098.91                   20.70                    980.54    18.47
  Subsided water body   582.89                    10.98                    0.00      0.00
  Total                 5309.42                   100                      5309.42   100

As shown in [Table 5](#pone.0238243.t005){ref-type="table"}, the value of ecosystem services in the study area increased by 81.95%. Among them, the value of individual ecological services from forest land, grassland and water bodies increased by 1238.05%, 287.28% and 218.38%, respectively, mainly because coal mining subsidence land was reclaimed into large areas of artificial wetland, woodland, grassland, etc. during mining area land reclamation, causing ecosystem service values to increase. The ecosystem service values of urban land, industrial land, cultivated land, and subsided water bodies decreased mainly due to artificial wetland projects, the removal of coal mining villages and the withdrawal of industrial and mining land in the mining subsidence area. As a result, cultivated land and land for villages and industrial and mining activities has gradually decreased in the study area and their ecological service values have declined continuously. After ecological restoration, the subsided water bodies were transformed into lake wetlands. Of 17 individual ecosystem service functions, atmospheric regulation, water conservation, entertainment, waste treatment, food production and biodiversity maintenance show an upward trend mainly because the area of water bodies increased substantially during coal mining and land reclamation in subsidence areas.

10.1371/journal.pone.0238243.t005

###### Changes of ESV and value structures for the Pan\'an Lake subsidence area before and after reclamation.

![](pone.0238243.t005){#pone.0238243.t005g}

  Landscape Type        Before land reclamation   After land reclamation   Changes in ESV                     
  --------------------- ------------------------- ------------------------ ---------------- ------- --------- ---------
  Cultivated land       1784.75                   49.77                    1274.77          19.54   -509.98   -28.57
  Woodland              65                        1.81                     869.73           13.33   804.73    1238.05
  Grassland             82.49                     2.3                      319.47           4.9     236.98    287.28
  Transportation land   -112.65                   -3.14                    -128.31          -1.97   -15.66    13.90
  Natural water body    1369.12                   38.18                    4359.02          66.81   2989.9    218.38
  Built-up land         -193.46                   -5.39                    -169.98          -2.61   23.48     -12.14
  Subsided water body   590.81                    16.48                    0                0       -590.81   -100.00
  Total                 3586.06                   100                      6524.69          100     2938.63   81.95

Change of ecological storage state {#sec011}
----------------------------------

[Table 6](#pone.0238243.t006){ref-type="table"} shows that ecological storage capacities were valued at RMB 6054 yuan/hm^2^ in 2008 and RMB 12289 yuan/hm^2^ in 2017 with an annual conversion rate of 6.15%. The results show that the entire ecosystem was developing positively from 2008 to 2017. Active ecological storage transformation mainly benefited from land reclamation and ecological restoration projects in the mining area. Through land reclamation, landscape patterns and the ecological environment in the mining subsidence area changed; land damaged by mining was reclaimed into cultivated land, woodland and grassland; and coal mining subsidence (ponding) areas were reclaimed into artificial wetlands, fish ponds, tourism and sightseeing land, etc., which has greatly improved regional landscape diversity and certainly promoted regional ecological functions. However, landscape planning has greatly expanded water bodies in the study area while sacrificing other land, inhibiting landscape diversity to an extent.

10.1371/journal.pone.0238243.t006

###### Ecological storage state of the Pan\'an Lake wetland before and after reclamation.

![](pone.0238243.t006){#pone.0238243.t006g}

  Statistics   Ecological storage state   Conversion quantity of ecological storage (2008--2017)   Conversion percent of ecological storage (2008--2017)
  ------------ -------------------------- -------------------------------------------------------- -------------------------------------------------------
  2008         0.6754                     0.5535                                                   6.15
  2017         1.2289                                                                              

Measurement of spillover effects of the subsided lake wetland on surrounding land prices {#sec012}
----------------------------------------------------------------------------------------

Residential land prices were sampled from Jiawang District and the area surrounding the Pan\'an Lake wetland in Xuzhou, and data were collected from land price sample survey tables for Jiawang District for 2008 and 2017. A total of 47 residential land price samples for 2008 and 61 residential samples for 2017 were collected for the same evaluation base date. Since there was less residential land around the Pan\'an Lake mining subsidence lake in 2008, some industrial land price samples for the same year were selected to replace it. The distribution of land price sample points is shown in [Fig 4](#pone.0238243.g004){ref-type="fig"}. A normal distribution test and spatial autocorrelation analysis were performed on two sets of samples and the results show that the collected sample land prices present good overall distribution conditions and significantly positive spatial correlations and can be used for subsequent analysis.

![Sample distribution of residential land prices in the Pan\'an Lake subsidence area.\
(a) Sample distribution of residential land prices in 2008; (b) Sample distribution of residential land prices in 2017.](pone.0238243.g004){#pone.0238243.g004}

Cross-validation was adopted to select the optimal model for Kriging spatial interpolation, and geostatistical software GS + fitting parameters were used to analyse the variation function structure \[[@pone.0238243.ref028]--[@pone.0238243.ref030]\]. Spatial interpolation was performed on residential land price samples for 2008 and 2017, and 15 m×15 m grid cells were determined through the graded grid division of urban land to generate the curve of residential land prices for before and after reclamation ([Fig 5](#pone.0238243.g005){ref-type="fig"}).

![Residential land prices in the Pan\'an Lake subsidence area in 2008 and 2017.\
(a) Residential land prices in 2008; (b) Residential land prices in 2017. The figures were constructed from Kriging interpolation results obtained from ArcGIS software.](pone.0238243.g005){#pone.0238243.g005}

Thus, the following formula was used to calculate the average rise in residential land prices *ΔLP* in the study area: $$\Delta LP = \frac{LP_{2017} - LP_{2008}}{LP_{2008}} \times 100\%$$ where *LP*~*2008*~ and *LP*~*2017*~ are land prices in 2008 and 2017, respectively. The average rise in residential land prices in the study area is recorded as 176.81% for 2008--2017.

Land price grid data for 2017 were subtracted from land price curve data for 2008 and then from the average rise in land prices for the study area. Then, areas with values greater than 0 around the Pan\'an Lake artificial wetland were set as the range within which land reclamation has affected surrounding residential land prices ([Fig 6](#pone.0238243.g006){ref-type="fig"}). [Fig 6](#pone.0238243.g006){ref-type="fig"} shows that residential land prices are rising in the centre of the study area and significantly higher than evaluated land prices for the study area. This shows that land reclamation and ecological restoration projects in the Pan\'an Lake wetland have significantly impacted land prices in and around the study area. Namely, spillover effects of land price appreciation have occurred.

![Impact and range of spillover effects on residential land prices in the Pan\'an Lake wetland.\
The figure was drawn via ArcGIS software.](pone.0238243.g006){#pone.0238243.g006}

A spatial overlay analysis was performed according to a planning drawing of the Pan\'an Lake wetland park and the affected area in Jiawang District, and the planned residential land area in the study area was measured at 412.65 hm^2^ as shown in [Fig 6](#pone.0238243.g006){ref-type="fig"}. According to the spillover effect measurement model ([Eq (3)](#pone.0238243.e003){ref-type="disp-formula"}), spillover effects of the Pan\'an Lake wetland on residential land in the study area amount to RMB 805,422,100 yuan according to ArcGIS 10.2 software Raster calculations.

Discussion {#sec013}
==========

Changes in the ecological environment before and after subsidence area rectification {#sec014}
------------------------------------------------------------------------------------

In this paper, the ecological service value and ecological storage index were used to reflect changes in ecological conditions in the study area before and after reclamation. The results show that the ecological service value and ecological storage capacity of the Pan\'an Lake wetland changed significantly before and after reclamation. From 2008 to 2017, ecosystem service functions of the Pan\'an Lake wetland area were enhanced by 81.95%, and ecological storage capacities increased roughly 1.8-fold from RMB 6,754 yuan/hm^2^ in 2008 to RMB 12,289 yuan/hm^2^ in 2017. Throughout the life cycle, mining activities negatively impacted the ecological environment of the mining area, including production, transportation and processing activities \[[@pone.0238243.ref031], [@pone.0238243.ref032]\]. Jiawang District, a resource-exhausted city in 2011, had been a coal producing city for a century, cumulatively generating 360 million tons of raw coal. Long-term, large-scale coal mining has destroyed surrounding cultivated land; caused ground subsidence, ponding and soil and water pollution and had significantly negative effects on the ecological environment of the mining area \[[@pone.0238243.ref033]--[@pone.0238243.ref038]\]. From 2010, Jiawang District began to carry out land reclamation and ecological restoration projects in the coal mining area. As China's first wetland park developed through the land reclamation and ecological restoration of a coal mine subsidence area, the Pan\'an Lake wetland has been constructed following a four-pronged model integrating \"basic farmland rectification, coal mining subsidence reclamation, ecological environment restoration and wetland landscape development", and the constructed wetland covers roughly 10 square kilometres \[[@pone.0238243.ref039], [@pone.0238243.ref040]\]. Through land reclamation and ecological restoration, landscape patterns and ecological environments in the mining subsidence area have changed, and ecological functions such as those of atmospheric regulation, water conservation, entertainment, waste treatment, food production and biodiversity protection are improving \[[@pone.0238243.ref018]\]. Some studies have shown that the landscape patterns of coal mining subsidence areas change through land reclamation and management. As a result, landscape diversity is greatly increased, and the ecological quality of landscapes is gradually improved \[[@pone.0238243.ref041], [@pone.0238243.ref042]\]. Our evaluation results are largely consistent with actual conditions, indicating the effectiveness of the proposed evaluation method.

Spillover effects of ecological rehabilitation on land prices in the mining subsidence area {#sec015}
-------------------------------------------------------------------------------------------

In this study, a land price spillover effect model was constructed to characterize the impacts of ecological restoration on land prices in reclaimed mining areas. We applied Kriging spatial interpolation to continuous land price surfaces on the basis of land price samples obtained before and after ecological restoration on the same reference day. The average increase in land prices in the area was removed and a contour analysis was carried out to analyse changes in regional land prices before and after the ecological restoration of the studied coal mining subsided lake. As the price of residential land is susceptible to improvements in the ecological environment, the sample points of residential land prices before and after reclamation were selected for calculation and analysis. The results show that surrounding land price increases since the ecological restoration of the Pan\'an Lake wetland have been significantly higher than the average rise in land prices in this region and that land prices increase toward the wetland area, showing that land reclamation and ecological restoration in the mining subsidence area have had spillover effects of increasing land value. The spillover value of Pan\'an Lake wetland to residential land in the study area was calculated as RMB 805,422,100 yuan. These results indicate that the spillover effect model of land prices constructed in this study can be used to analyse spillover effects of the ecological restoration of mining areas in the North China Plain.

Uncertainty analysis of research results {#sec016}
----------------------------------------

For this study we adopted the value evaluation model of ecosystem services proposed by Costanza et al. \[[@pone.0238243.ref024]\] and corrected corresponding ecological service value equivalents based on actual conditions in the mining area. We then calculated the ecological service value and its changes in the study area. The evaluation results for this model may be less accurate for certain regions. However, numerous studies have proved that the method can be applied to evaluate ecosystem services in many regions of China when the equivalent correction coefficient of ecological service value developed by Xie is adopted \[[@pone.0238243.ref043]--[@pone.0238243.ref045]\]. In addition, because many factors may affect land prices, e.g., location, supply and demand, housing prices, ecological environments, etc. \[[@pone.0238243.ref046]--[@pone.0238243.ref048]\], the average growth in land prices in the study region was only used to eliminate the impacts of these factors, which may have introduced a certain degree of uncertainty. Moreover, upon eliminating the natural increase in artificial wetland prices for the mining subsidence lake, the effect of the artificial wetland on land prices was not considered, potentially causing us to underestimate the value of spillover effects. Due to the complexities and specificities of research issues, these uncertainties and limitations will be further corrected for and improved in future studies.

Conclusions {#sec017}
===========

This work addressed assessment theories and methods of ecological regimes and spatial spillover effects based on remote sensing, GIS raster calculations and geostatistical methods and analysed ecosystem changes and spatial spillover effects on land prices for a typical reclaimed mining subsided lake in Xuzhou, China. Our main conclusions are as follows:

1.  After land reclamation and management, ecosystem service value and ecological storage capacity in the study area changed significantly, and the entire ecosystem has been actively and positively developing with good overall conditions. From 2008 to 2017, ecosystem service functions were enhanced by 81.95% in the constructed Pan\'an Lake wetland, and ecological storage capacity increased from RMB 6,754 yuan/hm^2^ in 2008 to RMB 12,289 yuan/hm^2^ in 2017 at an annual conversion rate of 6.15%.

2.  Transforming mining subsided lakes into artificial wetland parks has positive spillover effects on land prices where land prices increase with proximity to artificial wetland parks. The maximum value of spillover effects of residential land prices in the study area is RMB 354.43 yuan/m^2^, the average impact value is RMB 195.18 yuan/m^2^, and the total spillover value of planned residential land in the study area is RMB 805,422,100 yuan. These results can be used to analyse spillover effects of ecological environment restoration in reclamation areas and the economic benefits of reclamation in other mining subsidence areas.

3.  The presented research methods and results can guide future studies on land reclamation planning, ecological restoration and value performance in mining subsidence areas of the North China Plain. However, due to particularities of our research subject and complexities of the issues explored, this work also presents limitations to address and remedy in future studies.
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Responses to editor's and reviewers' comments

Responses to editor's comments:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

RE: Thank you for your information. We have revised the manuscript as much as possible to meets PLOS ONE\'s style requirements.

2\. We note that Figures 1,3,5 and 6 in your submission contain map images which may be copyrighted. All PLOS content is published under the Creative Commons Attribution License (CC BY 4.0), which means that the manuscript, images, and Supporting Information files will be freely available online, and any third party is permitted to access, download, copy, distribute, and use these materials in any way, even commercially, with proper attribution. For these reasons, we cannot publish previously copyrighted maps or satellite images created using proprietary data, such as Google software (Google Maps, Street View, and Earth). For more information, see our copyright guidelines: <http://journals.plos.org/plosone/s/licenses-and-copyright>.

We require you to either (a) present written permission from the copyright holder to publish these figures specifically under the CC BY 4.0 license, or (b) remove the figures from your submission:

a). You may seek permission from the original copyright holder of Figure(s) \[\#\] to publish the content specifically under the CC BY 4.0 license.

We recommend that you contact the original copyright holder with the Content Permission Form (<http://journals.plos.org/plosone/s/file?id=7c09/content-permission-form.pdf>) and the following text:

"I request permission for the open-access journal PLOS ONE to publish XXX under the Creative Commons Attribution License (CCAL) CC BY 4.0 (<http://creativecommons.org/licenses/by/4.0/>). Please be aware that this license allows unrestricted use and distribution, even commercially, by third parties. Please reply and provide explicit written permission to publish XXX under a CC BY license and complete the attached form."

Please upload the completed Content Permission Form or other proof of granted permissions as an \"Other\" file with your submission.

In the figure caption of the copyrighted figure, please include the following text: "Reprinted from \[ref\] under a CC BY license, with permission from \[name of publisher\], original copyright \[original copyright year\]."

b). If you are unable to obtain permission from the original copyright holder to publish these figures under the CC BY 4.0 license or if the copyright holder's requirements are incompatible with the CC BY 4.0 license, please either i) remove the figure or ii) supply a replacement figure that complies with the CC BY 4.0 license. Please check copyright information on all replacement figures and update the figure caption with source information. If applicable, please specify in the figure caption text when a figure is similar but not identical to the original image and is therefore for illustrative purposes only.

The following resources for replacing copyrighted map figures may be helpful:

USGS National Map Viewer (public domain): <http://viewer.nationalmap.gov/viewer/>

The Gateway to Astronaut Photography of Earth (public domain): <http://eol.jsc.nasa.gov/sseop/clickmap/>

Maps at the CIA (public domain): <https://www.cia.gov/library/publications/the-world-factbook/index.html> and <https://www.cia.gov/library/publications/cia-maps-publications/index.html>

NASA Earth Observatory (public domain): <http://earthobservatory.nasa.gov/>

Landsat: <http://landsat.visibleearth.nasa.gov/>

USGS EROS (Earth Resources Observatory and Science (EROS) Center) (public domain): <http://eros.usgs.gov/#>

Natural Earth (public domain): <http://www.naturalearthdata.com/>

RE: There are no copyright restrictions on these four figures. We added the details of the figures in the revised manuscript.

\(1\) In Figure 1, the remote sensing base map is replaced by the OpenStreetMap from USGS National Map viewer. The map is created using ArcGIS software and it is subject to no copyright restrictions. (Lines 140-143)

\(2\) In Figure 3, Figure 3(a) and 3(b) are based on the results of remote sensing images interpretations conducted using ENVI software. Remote sensing images were described in the section of "Data sources and processing" of the revised manuscript. So these figures have no copyright restrictions. (Lines 259-262)

\(3\) In Figure 5, Figure 5(a) and 5(b) are the results of Kriging interpolation using ArcGIS software. So they have no copyright restrictions. (Lines 326-328)

\(4\) Figure 6 was drawn via ArcGIS software. So this figure has no copyright restrictions. (Lines 343-344)

3\. Thank you for stating the following in the Financial Disclosure section:\"This work is jointly supported by the National Natural Science Foundation of China (41401610, 41601500) and National Key Research and Development Program of China (2017YFC0804401). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. \"

Thank you for stating the following in the Competing Interests section:\"The authors have declared that no competing interests exist.\"

We note that one or more of the authors are employed by a commercial company:\"Jiangsu Zenith Geo-Informatics Co., Ltd\"

a\) Please provide an amended Funding Statement declaring this commercial affiliation, as well as a statement regarding the Role of Funders in your study. If the funding organization did not play a role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript and only provided financial support in the form of authors\' salaries and/or research materials, please review your statements relating to the author contributions, and ensure you have specifically and accurately indicated the role(s) that these authors had in your study. You can update author roles in the Author Contributions section of the online submission form.

Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

b). Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc.

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

RE: Thank you for your information. We updated Funding Statement and Competing Interests Statement in cover letter. And we also added the following information in the Funding Statement and Competing Interests Statement in the revised manuscript submission.

In Funding Statement, we added the following information.

"The commercial company 'Jiangsu Zenith Geo-Informatics Co., Ltd' provided support in the form of salaries for author Lili Fu, but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript."

In Competing Interests Statement, we added the following information.

"The commercial company 'Jiangsu Zenith Geo-Informatics Co., Ltd' does not provide experimental funds and will not use the relevant information of the paper to develop products and apply for patents, and will not mind appearing as an author unit. This does not alter our adherence to PLOS ONE policies on sharing data and materials".

We updated Funding Statement and Competing Interests Statement as following:

Funding Statement: This work is jointly supported by the National Natural Science Foundation of China (41401610, 41601500 and 51874278) and National Key Research and Development Program of China (2017YFC0804401) and the Independent Research Project of State Key Laboratory of Coal Resources and Safe Mining (SKLCRSM2020X04). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. The commercial company 'Jiangsu Zenith Geo-Informatics Co., Ltd' provided support in the form of salaries for the author Lili Fu, but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript."

Competing Interests Statement: The authors have declared that no competing interests exist. The commercial company 'Jiangsu Zenith Geo-Informatics Co., Ltd' does not provide experimental funds and will not use the relevant information of the paper to develop products and apply for patents, and will not mind appearing as an author unit. This does not alter our adherence to PLOS ONE policies on sharing data and materials.

4\. Please amend your data availability statement to declare where data was collected from, and how others can access it. Please also ensure that all data sources are clearly named and referenced in the manuscript.

RE: Thank you for your information. We explain the source of the data as following.

1\) The remote sensing data used in the study were obtained through purchase. SPOT5 image acquired on October 16, 2008 can be inquired through the website (<http://eds.ceode.ac.cn>) and China's GF2 images acquired on October 19 and 29, 2017 can be inquired through the website for China Resource Satellite Application Center (<http://36.112.130.153:7777/DSSPlatform/productSearch.html>).

2\) Land price samples data was from Jiawang land price dynamic monitoring sample survey, which were the result of our long-term monitoring and evaluation of land prices. The base date of evaluation of the land price samples were 31 December 2008 and 31 December 2017, respectively. Price samples were collected in the study area for 47 residential lands in 2008 and 65 residential lands in 2017, for which spatial interpolation was performed using GIS and geostatistical methods.

We have provided the original data, which has been uploaded as an attachment.

We updated Data availability statement as following:

Data availability statement: SPOT5 image acquired on October 16, 2008 can be inquired through the website (<http://eds.ceode.ac.cn>) and China's GF2 images acquired on October 19 and 29, 2017 can be inquired through the website for China Resource Satellite Application Center (<http://36.112.130.153:7777/DSSPlatform/productSearch.html>).The data of land price samples is within the manuscript and its Supporting Information files.

Additional Editor Comments:

1\. Thank you for providing the data use agreement with China Resource Satellite Application Center.

We note this data use agreement states Party B shall not copy, transfer or lend it without the written permission of Party A. Additionally, PLOS ONE\'s utilizes the CC BY 4.0 license (<https://creativecommons.org/licenses/by/4.0/>) which means that all material on our website is freely available online, and any third party is permitted to access, download, copy, distribute, and use these materials in any way, even commercially, with proper attribution. It is not clear in the data use agreement if it allows the data to be used for commercial purposes or only for scientific research.

Therefore, we require specific consent from the copyright holder to publish these images in PLOS ONE, under the CC BY 4.0 license. To seek permission from the copyright owner to publish your map figures under the specific Creative Commons Attribution License (CCAL), CC BY 4.0, please contact them with the following text and PLOS ONE Request for Permission form (<http://journals.plos.org/plosone/s/file?id=7c09/content-permission-form.pdf>):

"I request permission for the open-access journal PLOS ONE to publish XXX under the Creative Commons Attribution License (CCAL) CC BY 4.0 (<http://creativecommons.org/licenses/by/4.0/>). Please be aware that this license allows unrestricted use and distribution, even commercially, by third parties. Please reply and provide explicit written permission to publish XXX under a CC BY license."

Please upload the granted permission to the manuscript as a Supporting Information file. In the figure caption of the copyrighted figure, please include the following text: "Republished from \[ref\] under a CC BY license, with permission from \[name of publisher\], original copyright \[original copyright year\]."

Please note that RightsLink permission forms often impose use restrictions that are incompatible with our CC BY 4.0 license, and we are therefore unable to accept these permissions. For this reason, we strongly recommend contacting copyright holders with the PLOS ONE Request for Permission form.

If you are unable to obtain permission from the copyright holder, please either A) remove the figure or B) supply a replacement figure that complies with the CC BY 4.0 license. Please check copyright information on all replacement figures and update the figure caption with source information.

The following resources for replacing copyrighted map figures may be helpful:

USGS National Map Viewer (<http://viewer.nationalmap.gov/viewer/>)

USGS Earth Resources Observatory and Science (EROS) Center (<http://eros.usgs.gov/#>)

The Gateway to Astronaut Photography of Earth (<https://eol.jsc.nasa.gov/>)

Maps at the CIA (<https://www.cia.gov/library/publications/the-world-factbook/docs/refmaps.html>)

NASA Earth Observatory (<http://earthobservatory.nasa.gov/>)

Landsat (<http://landsat.visibleearth.nasa.gov/>)

Natural Earth (<http://www.naturalearthdata.com/>)

RE: Thank you for your information. We are very sorry that we cannot obtain permission from the copyright holder. Therefore, the remote sensing base map in Figure 1 is replaced by the OpenStreetMap from USGS National Map viewer. The map is created using ArcGIS software and it is subject to no copyright restrictions.

We modified it in Figure 1. Please see the revised manuscript for details. (Lines 140-143)

2\. Please clarify in your Data sources and processing section how the land price land price sample survey tables for Jiawang District for 2008 and 2017 were obtained by the authors. Please also clarify how the satellite data was obtained by the authors.

RE: Thank you for your information. We explain as follows:

1\) We explained the source of the land price samples in the 'Data Sources and processing' section of the revised manuscript. We have provided the original data, which has been uploaded as an attachment.

"Land price samples data was from Jiawang land price dynamic monitoring sample survey, which were the result of our long-term monitoring and evaluation of land prices. The base date of evaluation of the land price samples were 31 December 2008 and 31 December 2017, respectively. Price samples were collected in the study area for 47 residential lands in 2008 and 65 residential lands in 2017, for which spatial interpolation was performed using GIS and geostatistical methods." (Lines 160-165)

2\) The remote sensing data used in the study were obtained through purchase. SPOT5 image acquired on October 16, 2008 can be inquired through the website (<http://eds.ceode.ac.cn>) and China's GF2 images acquired on October 19 and 29, 2017 can be inquired through the website for China Resource Satellite Application Center (<http://36.112.130.153:7777/DSSPlatform/productSearch.html>).

In the revised manuscript, we introduce the information and source of remote sensing data in detail. (Lines 147-152)

Responses to reviewers' comments

Reviewer \#1: The MANUSCRIPT is discussing a good topic but the technical methodology needs some exploration

RE: Thanks for your positive comments. We have carefully revised the manuscript according to your comments and suggestions.

I have some criticisms, which are mainly summarized in the following points:

\- The innovation of the paper seems quite limited; the methods applied are widely known. Further, the methods are only partially appropriate for the data analysis; for instance, some of the data represent proportions/percentages and this does not seem to be accounted for in the analysis.

RE: Thanks for your suggestions. We made an explanation as following:

\(1\) In this paper, firstly, we use the ecosystem service value and the ecological storage index to analyze the ecological changes in the reclaimed mining area. The emphasis is to analyze the impact of ecological restoration of reclaimed mining areas on the surrounding land price by building a model of land price spillover effect. It can clearly measure the influence range, intensity and total value of the artificial wetland of coal mining subsided lake on the surrounding land price spillover effect, and could provide a research basis for revealing the value performance of the artificial wetland of coal mining subsided lake. These are the innovation of this paper.

The spillover effect model of land price was built based on land statistics and GIS raster calculation, which are the mature and common methods and can guarantee the accuracy of calculation.

\(2\) In the process of data analysis, we analyzed some typical features of the data, so did not explain all the data features. We can view the data in the tables.

\- The models and methods are poorly detailed and justified, some assumptions made by the authors seem clearly violated; the analyses would be hardly replicable.

The validation of the statistical analysis appears very poor.

For these reasons, the submitted manuscript does appear to be suitable for publication in PLOS ONE after some responding to the previous comments.

RE: Thanks for your suggestions. We made an explanation as following:

\(1\) We modified the expression of research method to make it clearer. Please see the Methodology section of the revised manuscript for details. (Lines 170-176、Lines 219-234)

\(2\) In this study, the typical mining subsidence lake was taken as the research area. The data included remote sensing images in 2008 and 2017, land price sample data before and after reclamation, which were introduced in the manuscript.

As a typical case of reclaimed mining subsided lake, the study has certain representativeness, and the research results have theoretical and practical significance for the ecological restoration and management of mining areas with high groundwater level in the North China Plain. However, there are uncertainties in the research results. For example, when the natural increase factor in the artificial wetland price of the mining subsidence lake is eliminated, the effect of the artificial wetland on the land price has not been considered, which may make the calculated value of the spillover effect to be on the low side.

We discussed the uncertainty of the research results in the discussion section of the revised manuscript. (Lines 404-418)

Reviewer \#2: This manuscript selected a representative reclaimed wetland park in Xuzhou city to assess the ecologic regime change and spillover effect, the results demonstrated that the ecosystem service value and ecological storage capacity have changed after the subsided waterbody changed to wetland, which will help improve the land price of surrounding areas.

I am excited to see an example study of land subsidence reclamation. However, I have several concerns that need carefully review and improvement before publication.

RE: Thanks for your positive comments. We have carefully revised the manuscript according to your comments and suggestions.

Writing and grammar:

The manuscript needs a thoroughly writing editing.

1\. The writing of this manuscript is hard to understand, to name a few,

RE: Thank you for pointing out the mistakes in writing and grammar in the manuscript. We have carefully checked and corrected them according to your comments, which are highlighted in red. Please see the revised manuscript for details.

Line 23: "has been attempted in China", and Line 70 "an attempt to"

RE: Sentences have now been rewritten.

"In China, mining subsided lakes are often transformed into artificial wetland parks for ecological restoration." (Lines 29-30)

"In recent years, several mining subsided lakes in China have been transformed into artificial wetland parks according to local conditions using land reclamation techniques as a means of ecological restoration." (Lines 74-76)

Line 27: "wetland derived from"

RE: Sentences have now been rewritten.

"This paper examines the Pan\'an Lake artificial wetland in Jiawang District, Xuzhou, as a case study." (Lines 33-34)

Line 111:"With ..."

RE: Sentences have now been rewritten.

"This paper focused on the Pan\'an Lake wetland in Jiawang District, Xuzhou. Ecosystem service value and the ecological storage index were used to \..." (Lines 117-120)

Line 131: "had been completed"

RE: Sentences have now been rewritten.

"A national 4A-level ecological wetland park with a water area of 9.21 km2 and an overall area of 52.89 km2 has been constructed." (Lines 136-137)

2\. I found the manuscript maybe was from a dissertation, for there are two words of "dissertation" showed in Line 156 and 387, which should be revised.

RE: These are errors of expression.

The word "dissertation" showed in Line 156 was modified. (Lines 175)

The word "dissertation" was replaced by the word "study". (Line 412)

3\. There are some spelling mistakes in the manuscript, such as Line 238 "landscape", Line 330 "calculation".

RE: Thank you for your examination and revision of the spelling mistakes in the manuscript. We have revised them in the revised paper, which are highlighted in red.

Name unifying:

4\. In Abstract section, "eastern China" was used to locate the study area, while in Line 59, it turned into "North China", please unify the diction. Generally, we will use north China or North China Plain to indicate location of the high water table mining area.

RE: According to your suggestion, we change them to \"North China Plain\". (Line 28)

5\. In Table 3, you used "Urban/ Industry/Mining area", while you named it "urban/rural construction land and industrial/mining construction land" in Line 144.

RE: In the land use classification of this study, built-up land includes urban and rural built-up land, industrial and mining built-up land.

We changed it to \"built-up land\" in Table 3 and explained the classification in the section of data sources and processing of the revised manuscript. (Line 158)

We also modified it in Figure 3.

Please see the revised manuscript for details.

6\. In Table 4, "Natural Waterbody", while you used "general water bodies" in Line 143.

RE: Thank you for your information. We use \"natural water body\". It has been modified in the revised manuscript. (Line 157)

Figures and Tables:

7\. Figure 1. There is need to put a compass in the figure.

RE: We added a compass in the Figure 1 according to your suggestion.

8\. Figure 1. From my view, the redline areas is not just a wetland, it is the scope of a mining region.

RE: Yes. The redline area in Figure 1 is the study area which demarcated according to the scope of the reclamation project. At the same time, it is also the mining region of the two coal mines (Qishan mine and Quantai mine). A large number of mining subsidence lakes have been formed after coal mining.

9\. Figure 2. Upper right, what is the meaning of "Planned land"?

RE: We originally intended to present land planning data in the manuscript. We used "Land planning data" instead of "planned land" in Figure 2.

Reviewer \#3: This paper followed the remote sensing, GIS raster calculation and geostatistical methods to assess the ecosystem changes and their spatial spillover effect in mining subsidence area of Pan\'an Lake Wetland, China. Here are some comments or suggestions for improving the current version.

RE: Thanks for your positive comments. We have carefully revised the manuscript according to your comments and suggestions.

1\. The Introduction section of the thesis is insufficient to review existing related research, for example, lack of review and comparison of the advantages and disadvantages of related calculations and research methods. In addition, the review of the literature should be the author\'s own summary, rather than citing other literature. Finally, the conclusions of the literature review are not convincing enough for the reasons why the authors should carry out this research.

RE: Thanks for your suggestions.

\(1\) In the introduction section of the revised draft, we analyzed and summarized the relevant research on the ecological restoration of the artificial wetland caused by coal mining collapse, and pointed out the shortcomings of the current research, which are the basis for this research. (Lines 82-94)

\(2\) The advantages and disadvantages of related research methods are compared, and the calculation method suitable for this study is proposed. (Lines 95-116)

Please see the introduction section of the revised manuscript for details.

2\. From the data, the author collected 47 residential land price samples in 2008 and 65 residential land price samples in 2004. Compared with the scope of the study area, the amount collected is too small, which directly affects the accuracy of spatial interpolation results.

RE: We made an explanation as following.

The sample data of residential land price comes from the survey data of land price sample points in Jiawang District. Land price survey focuses on the dynamic monitoring of the urban land price, so the distribution characteristic of land price sample data is that urban sample points are more than suburban sample points. The study area is relatively remote from the urban area, mainly for mining area and supporting facilities, and there are few residential areas. Therefore, the amount of residential land price samples is small in the study area, which reflects the actual situation of land price in the study area.

Based on the correlation and variability of variables, the Kriging spatial interpolation method performs an unbiased and optimal estimation of the values of regionalized variables in a finite region. It has obvious advantages: in the process of data gridding, the spatially related properties of the described objects are considered, so that the estimated results are more scientific and closer to the actual situation. The method has certain advantages for data with small density and uneven distribution.

In this study, the spatial distribution of land price is obtained by interpolation of land price sample points, which is mainly used to analyze the impact of ecological restoration in mining area on the surrounding land price. Kriging spatial interpolation method is used to interpolate the sampling points, which can meet the requirements of the study.

3\. As we all know, in recent years China\'s housing and land prices have shown an overall rapid upward trend. Even if it is not near the case lake, housing and land prices will still show rising results. Only by accurately crediting the price increase to the ecologic regime and the ecological spillover effect can readers be convinced.

RE: Yes. Land prices are jointly affected by various factors. Only by excluding the influence of other factors can we determine that the change of land price is caused by the ecological restoration of the mining area.

In this study, a land price spillover model was constructed to characterize the impact of ecological restoration on land price in reclaimed mining areas. First of all, we analyzed the influencing factors of land price in the study area. Affected by the housing price situation in China, the housing price and land price in Jiawang District are also growing rapidly. In addition, except for the ecological restoration project, there are no other major project implementation and other factors affecting the land price in the study area. Therefore, it can be considered as the impact of ecological restoration project on land price as long as the average increase value of land price in the region is removed.

According to the above ideas, this paper puts forward the spillover effect model of a reclaimed mining subsided lake on the surrounding land price as follows:

where represents the average increase value of land price in the study area during the study period, and we subtracted this value from the model.

Therefore, the results calculated by the land price spillover effect model are relatively reasonable.

4\. What are the implications of the case studies in this paper for other regions of China or for other countries? The author needs further explanation.

RE: This paper proposes a spillover effect model of land price based on land statistics and GIS raster calculation, which can clearly measure the influence range, intensity and total value of the artificial wetland of coal mining subsidence lake on the surrounding land price spillover effect, and provide a research basis for revealing the value performance of the artificial wetland of coal mining subsidence lake.

The paper only takes Pan\'an Lake wetland as an example to make an empirical analysis. The case study has certain representativeness, and the research results have theoretical and practical significance for the ecological restoration and management of mining areas with high groundwater level in the North China Plain. It can also be used for reference for the evaluation of ecological restoration effect of similar geographical environment in foreign countries.

We supplement the application of the research results in the discussion and conclusion section of the revised manuscript. (Lines 399-401 and Lines 438-440 )

5\. The paper lacks the refinement of the research contribution and the comparative discussion with the existing research.

RE: This paper focuses on the analysis of the change of ecosystem status and its spatial spillover effect on land price after the coal mining subsided lake becomes an artificial wetland park. According to your suggestions, we have refined the research results and compared with the existing research in the discussion and conclusion section of the revised manuscript.

Please see the discussion and conclusion section of the revised manuscript for details. (Lines 355-356, Lines 377-380, Lines 385-391, Lines 421-424 and Lines 431-433)

6\. In addition, the display quality of the figures in the paper is not enough. There are some errors in spelling and English writing.

RE: (1) We revised Figure 1, Figure 2, and Figure 3. All the high-quality figures have been uploaded as attachments.

\(2\) According to the reviewer\'s suggestion, we have modified the spelling and grammatical errors of the whole paper, which are highlighted in red.

\(3\) We have employed a professional language service 'American Journal Experts (AJE)' to revise the manuscript.

Please see the revised manuscript for details.

Reviewer \#4: The paper suggests interesting methodologies to account for ecological value and spillover effects of restoration projects, specifically subsided lakes turned into artificial wetland. However, major improvements are needed to make it suitable for publication. In particular, the methods are poorly described, so undermining the capability to appreciate the results. The results are not properly emphasized and commented (i.e. why ecological and spillover considerations are important, model applicability in other scenarios, etc). I suggest a major revision for the ms and attach some notes that could help to improve the paper.

RE: Thank you very much for your constructive comments on our manuscript. According to your suggestion, we have carefully revised the manuscript as following.

\(1\) The expression of the research method was modified to make it clearer. Please see the Methodology section of the revised manuscript for details. (Lines 170-176 and Lines 219-234)

\(2\) As we know that land reclamation is an important way of ecological restoration and management in mining areas, which was carried out earlier in eastern mining areas of China. In recent decades, what are the benefits of ecological restoration in the reclamation area? And which index is chosen to evaluate the benefit of ecological restoration? It has become the focus of many scholars.

The land reclamation benefits of mining areas are mostly measured based on economic benefits, such as increases in cultivated land and increases and decreases in built-up land, while less attention is paid to ecological environmental effects after reclamation. On one hand, the ecological restoration of a reclaimed mining area involves a long-term restoration process, and due to the influence of reclamation measures, coal mining and other factors, ecological restoration is often not supported with long-term quantitative monitoring. On the other hand, as public resources, ecological environments have obvious spatial spillover effects. However, current research on the ecological environments of reclaimed mining areas mainly focuses on ecological problems experienced within such areas based on evaluations of ecosystem services, water pollution and nutrition status monitoring, landscape ecological restoration, etc. \[17-19\] while few studies examine impacts of the ecological restoration of a mining area on the surrounding environment such as spillover effects of the improvement of an ecological environment on surrounding land prices.

The importance of the research is explained and modified in the introduction section of the revised manuscript. (Lines 63-94)

\(3\) The case study has certain representativeness, and the research results have theoretical and practical significance for the ecological restoration and management of mining areas with high groundwater level in the North China Plain. It can also be used for reference for the evaluation of ecological restoration effect of similar geographical environment in foreign countries.

We supplement the application of the research results in the discussion and conclusion section of the revised manuscript. (Lines 399-401 and Lines 438-440 )

\(4\) We revised the manuscript, especially the spelling and grammar. Please see the revised manuscript for details.
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